This paper reports an experiment which examined the relative effects of hypnosis, exhortative instructions, and routine task-performance instructions on the performance which individuals who differed in their degree of hypnotic susceptibility rendered on a continuous performance task both under normal conditions and under conditions of induced stress. High-susceptible (T) and low-susceptible (UT) 5s operated a pursuit rotor at room temperature and then under extreme heat. Performance of all Ss under stress improved after they were either hypnotized or exhorted to perform better; exhortation had a slightly but nonsignificantly greater effect. The initial performance of UTs was not significantly superior to that of Ts. Though the performance of Ts appeared more strongly affected by both hypnosis and exhortation than performance of UTs, this difference proved nonsignificant when subjected to conservative statistical test.
Using SO college students as Ss, he merely suggested that the hand dynamometer was "easy," "medium," or "hard." All such suggestions had significant incremental effects on the performance of males, but only the suggestion that the task was hard had such effects on females. All three suggestions, however, produced increments in the variability of work output of both sexes. Nicholson (1920) studied the relative effects of suggestion in hypnotic and waking states on work output on the finger ergograph. He suggested to 5s that they would not be fatigued and would have increased endurance and found that a "very definite increase in muscular efficiency can be obtained by suggestion in the hypnotic state [p. 89] ." He also reported that 5s could do normal amounts of work immediately on changing from the hypnotic trance to normal waking states and that 5s working in the waking state who were then hypnotized showed marked increases in the work they could do. Nicholson stated: "it seemed possible to continue such a work curve indefinitely [p. 89] ." Williams (1929) criticized Nicholson's work because suggestions were made continuously during performance in the trance state but not in the waking state. But when Williams repeated the study, correcting that flaw by giving essentially the same instructions in 532 both conditions, he found, despite variability in performance increment in the trance state, that improvement was still significant over the normal waking state, as Nicholson had claimed.
Hottinger (19S8) used a number of different tasks for measuring strength and got equivocal results-hypnotic suggestions did elicit improved performance on some, but not on others which included the hand dynamometer. Young (192S) also found no hypnotic effects on hand dynamometer performances. Eysenck (1941) found hypnotic effects, but he used only two Ss in the first place, and the differences between conditions may be interpreted to really suggest a reduction in fatigue under hypnosis rather than an increase in strength. Mead and Roush (1949) and Roush (1951) found that analgesic instructions for the dynamometer elicited better performances in the hypnotic state, but ordinary instructions to perform better did not.
Commentators on these conflicting results have observed that some studies involved the use of unstandardized (and unreported) induction techniques; bad sampling (both in size and homogeneity); poor controls for results, such as the use of only very susceptible Ss; and the failure, in studies of strength, to observe differences in height and weight among Ss (London & Fuhrer, 1961; Weitzenhoffer, 1953; Young, 1931) . Later research demonstrated that correction for such things gives rise to more consistent results across Ea, samples, and experimental conditions. Orne (1959) argued that some phenomena of hypnosis, such as performance increments, are derivatives of increased motivation which normally accompanies the hypnotic state without being intrinsic to it. He demonstrated that exhortation in the waking state had more powerful effects than hypnosis on an endurance task even among Ss who were favorably affected by hypnotic instructions. London and Fuhrer (1961) obtained results consistent with Orne's in an experiment which used the Stanford Hypnotic Susceptibility Scale (SHSS; Weitzenhoffer & Hilgard, 1959) to measure susceptibility and verbatim instructions to assure standard induction and experimental procedures. They also found that the performance of relatively low-susceptible (UT) Ss was superior to that of high-susceptible (T) Ss on all tasks, including baserate measures of performance. In general, however, UT Ss tended to give poorer performances when hypnotized than when not, and T Ss tended to give better performances when hypnotized than when not hypnotized. Further studies by Rosenhan and London (1963) , Slotnick and London (1965) , and London, Conant, and Davison (1966) confirm these results and also, respectively, suggest both that the differences between groups on base-rate measures are greatest before Ss know that the experiment involves hypnosis and that exhortative instructions, though apparently more effective than any other kind interact in subtle and complex ways (a) with hypnosis, (b) with the kind of task to which they are applied, and (c) with the susceptibility of Ss.
None of the studies cited above had involved continuous performance tasks, though McClelland's (1957) analysis of Mierke's work suggests that the shape of performance curves may be an important variable in this type of investigation, even when absolute differences between groups are not evident. Similarly, all the studies cited above have treated motivation either as if it were intrinsic to the hypnotic state or else as an inspirational condition imposed on Ss by the experimental instructions. None of them has considered the motivational differences between groups which arise in stressful situations and elicit differential dispositions to respond with greater or lesser forcefulness or effectiveness to the task at hand. It is possible that the differences between T and UT groups rest primarily in their different dispositions toward task performance in stressful and neutral situations.
The present experiment examined both these problems. It investigated the relationship of hypnotic susceptibility, hypnotic instructions, and explicitly motivating instructions to performance on a continuous psychomotor coordination task, and it examined the differences between T and UT Ss in an induced stress situation.
METHOD
The experimental design was essentially a 2 X 3 X 2 factorial with repeated measurements of the same Ss. The Ts and UTs performed on a continuous task (rotary pursuit apparatus) in each of three counterbalanced experimental sessions, including a base-rate condition, an environmental stress condition, and a special instruction condition.
Subjects
Forty male college students were selected as Ss from among 80 volunteers for a psychological experiment on "hypnosis and resistance to stress." Volunteers were solicited by means of a flyer which emphasized that the experiment was connected with the American space effort and that the results would be given to the Aero-Space Medical Laboratory at Wright-Patterson Air Force Base, Columbus, Ohio. Volunteers were also required to affirm their good health and the fact of a reasonably recent physical examination by means of a questionnaire devised for this purpose. The selection procedures used were intended to produce Ss with very strong positive motivations to do well in whatever experimental situation with which they might be confronted.
The Ss were separated into two groups of 20 each, T and UT, according to scores on the Harvard Group Hypnotic Susceptibility Scale (Shor & Carota, 1962) , an adaptation of Form A of the SHSS for group administration with self-report scoring. This scale is a verbatim hypnotic-induction procedure which is scored on the basis of how similar Ss' responses are to those usually expected of a hypnotic S. A modification of London and Fuhrer's (1961) selection procedure was used to assign Ss to groups; that is, T was defined as passing 8 or more of the 12 items on the scale, and UT as passing 5 or less items including not more than 2 of the most difficult items. The Ss who did not meet either of these criteria were dismissed from the experiment after the scale was administered.
The experiment was originally designed and executed using only 16 Ts and 16 UTs. Later a control group consisting of 4 Ts and 4 UTs had to be added to the experiment because, contrary to all past research, there was no decrement in performance in the heatstress situation and the unexpected result of the authors' instructions was to induce an increment in performance. Without some sort of control group, it would have been impossible to ascertain what proportion of the increment was due to practice and what proportion was due to instructional effect. The control group received the Order I sequence of conditions (see Procedure) because it was of primary experimental importance, and a single E ran all control Ss.
Instruments
Rotary pursuit apparatus. A standard pursuit rotor operated at 1 rotation per second was used as the performance task. In addition to requiring continuous and coordinated performance, this task is relatively easy to learn, Ss readily reach an asymptote, and they tend to maintain a stable level of performance (Adams, 1954; Kimble, 1946) .
Controlled environment chamber. Environmental stress was induced by means of a United States Air Force six-man decompression chamber. Separated into two compartments, the chamber was arranged so that an S would sit in the forward compartment, which was 7 ft. long, facing the forward wall of the chamber. The rotary pursuit apparatus was fixed on a bench in front of him and centered between two portholes located well above his eye level.
The chamber was sealed from the outside by a heavy metal door. Recording apparatus and temperature and humidity controls were located in the outer room, where E was seated observing S through the portholes, and all communications between E and S took place by electrical intercom.
Procedure
The entire study was conducted in two phases: (a) screening and assignment of Ss to experimental groups and (6) administration of the experiment. Each phase was generally conducted by different persons who had no direct contact with any other parts of the proceedings.
Screening. The Harvard scale was administered to groups of 5-17 volunteers, generally by a single E who was quite experienced with this test. This E scored all test protocols and reported the scores to a second E, who then assigned Ss to groups according to a prearranged schedule of counterbalancing by susceptibility status, order of condition administration, and anticipated day or night order of S running. The second E then assigned Ss alternately within each category to a third and fourth JE, whose only information about each S was name, address, telephone, and assigned order for administration of experimental conditions.
Administration of the experiment. The experiment proper was conducted in four sessions in the controlled environment chamber, with the third and fourth Es each subjecting half of the experimental Ss to identical procedures. Each session began when E and S entered the chamber together to prepare for the session. The E then left the chamber and bolted the door, which remained locked throughout all experimental sessions. The Ss were routinely instructed to do their best, and this instruction was repeated before each session. Session 1. Session 1 was an hour of training on the pursuit rotor to produce a stable performance level. This training consisted of eight blocks of five trials each in which the apparatus was turned on for 30 sec., then went off for 10 sec. (30/10). Each block of five trials was followed by a 2-min. rest period. After the eighth trial block, there were again 2 min. of rest, and then the apparatus went on and operated continuously for 5 min. (30/30). In this session, Ss were dressed in street clothes and the chamber was set at normal room temperature, that is, an effective temperature of approximately 70° F (75° F with 45% relative humidity, with range 68-89.5° F and 35-50% relative humidity). Effective temperature was used as an approximate index of stress in this study. It represents a scale of warmth which includes temperature, humidity, and the speed of movement of the air (Bedford, 1953) , which has been established through empirical research on the basis of equivalence of thermal perceptions by experimental Ss.
Sessions 2 and 3: Base-rate room temperature and heat-stress sessions. Following training, both groups were tested for 1 hr. under base-rate conditions with the chamber set at the normal room temperature (BR) and for 1 hr. under heat stress (Hot Box I) with the chamber temperature at approximately 98° F effective temperature (111.5° F with SB% relative humidity, with a range 102-117° F and 45-64% relative humidity). Alternate 5s received either the room temperature condition first (Order I) or the heatstress condition first (Order II). The time interval after the training session was 1 day, and a period of 2 days separated each test session with only six exceptions, none of which varied from the specified intervals by more than 1 day.
The pursuit rotor schedule for all the test sessions was identical to that of the training session except that an additional 5-min. warm-up period followed by a 1-min. rest period preceded each test session. The 5s were dressed only in gym shorts, Tshirts, socks, and shoes during these sessions. Prior to the warm-up period, a thermocouple was strapped to 5's left thigh, and E left the chamber to allow 5 to insert a rectal thermocouple, which enabled the monitoring of body-core temperature.
Session 4: Experimental heat-stress session. The final heat-stress session (Hot Box II) was exactly like the previous one except that the experimental Ss were either hypnotized or exhorted by means of verbatim instructions before they entered the chamber. The respective hypnotic and exhortative instructions were substantially the same as those originally used by London and Fuhrer (1961) and again by Rosenhan and London (1963) , Schulman and London (1963) , Slotnick and London (1965) , and London et al. (1966) , but the specific suggestions emphasized that 5 would be able to perform better than he previously had on the pursuit rotor and would not be troubled or distracted by the heat (Eiff, 1951) . The 5s were always seated comfortably while E read the instructions. After the session was finished, the hypnotized 5s were brought out of the chamber, again seated in the same chair, and awakened.
RESULTS
The main object of the experiment was to find out the effects of motivating instructions and hypnotic susceptibility on continuous performance under heat stress. Its secondary object was to compare performance under heat stress to performance under normal conditions. Three other variables were studied as possible sources of error: training on rotary pursuit, session-order effects, and differences between Es.
The number of seconds on target was recorded for each of the 30-sec. on/10-sec. off trials of the pursuit rotor and the mean number of seconds on target for each block of five Note. -30/10 = task in which apparatus was turned on for 30 sec., then off for 10 sec. for eight blocks of five trials each. 30/30 = apparatus on and operating continuously for 5 min. UT = low susceptibility to hypnosis ; T = high susceptibility.
• N =32.
trials was used as the scoring unit (30/10 data). For purposes of analysis, the eight-trial block scores were averaged to yield a single score for a session. Performance during the continuous S-min. run was also recorded in 30-sec. units, and the score for the entire period consisted of the mean number of seconds on target over all ten 30-sec. segments (30/30 data). Table 1 presents the means of all S groups in all three test sessions. For purposes of analysis, different scores were used to answer different questions. The relative effects of training on the two S groups and the relative effects of stress, that is, of Hot Box I versus the base-rate session, had to be examined by analyzing absolute scores. But the respective hypnotic and exhortative instructions were always administered at the beginning of Hot Box II and, since a major purpose of the study was to investigate the change in performance induced by these instructions, the difference between an 5's mean performance on Hot Box I and Hot Box II (Hot Box II minus Hot Box I) was the score used for analysis of this variable (Table 2) . Order and E effects were analyzed for both absolute and difference scores, but only their effects on the latter were of primary interest to the problems of this study.
Training
The data of the training session were analyzed to determine whether there were differ- Note.-30/10 = task in which apparatus was turned on for 30 sec.; then off for 10 sec. for eight blocks of five trials each. 30/30 = apparatus on and operating continuously for 5 min. UT = low susceptibility to hypnosis; T = high susceptibility.
ences between groups at the beginning and end of training. Figure 1 shows the mean time on target for the T and UT groups at the initial (combined scores for the first three trial blocks) and terminal (combined last three trial blocks) levels of training. The slight differences in performance between the two groups at both these training levels cannot be considered significant, as the values of t obtained for differences between the means are not significant at the .05 level.
Stress Effects
Stress effects were analyzed by comparing the performances of T and UT experimental groups in the two base-rate sessions, before any special instructions were administered. For this purpose, the trial block performance 
120
FIRST 3 TRIALS LAST 3 TRIALS LEVEL OF TRAINING Fio. 1. Performance of the high-susceptible (T) and low-susceptible (UT) groups at the initial and terminal levels of training. scores (30/10 data) for the first two test sessions were submitted to analysis of variance (Edwards, 1950) , summarized in Table 3 . Figure 2 shows the performance curves for trial blocks of both susceptibility groups under both conditions. Virtually all 5s improved significantly within each individual session (p < .01), and the sessions did not differ sig- nificantly from each other in overall performance levels.
Although the performance of the UT group was apparently superior to that of the T group in both sessions, main effects tests indicated that the difference was not significant when considered alone. But analysis of the interaction between hypnotic susceptibility and effective temperature indicated that the performance of UTs was mildly impaired by heat stress, while that of Ts was slightly facilitated by this condition (p < .05, Table 3, Figure  3 ). The lack of significant susceptibility and temperature main effects could be due to the canceling-out effects of this interaction (Figure 3 ) . An additional, more conservative analysis of variance (Lindquist, 1953, Type VI) did not use a pooled-error term, but obtained essentially the same results as in the Edwards (1950) analysis except for the interaction of susceptibility and temperature, which did not attain significance at the .05 level (F = .87, The continuous performance of 5 min. at the end of each session was also scored and analyzed on the basis of total number of seconds on target, Although the performance of the UT group is again superior to that of the T group under both conditions, analysis of variance (Winer, 1962) yielded no significant differences between them at the .05 level.
To summarize, heat stress seems to have some differential effects in connection with one task (30/10) on people who differ in hypnotic susceptibility, slightly facilitating the performance of Ts and impairing that of UTs relative to the performance of these groups at room temperature. Within each session, however, both groups improved significantly from their starting performances. UTs tended to give better absolute performances under both conditions, but this trend is not dependable in its own right. Indeed, an insignificant trend toward better performance on the part of experimental UTs is evident throughout all three test sessions for both 30/10 and 30/30 data, along with a significant practice effect (p < .01) for both Ts and UTs from the first through the third session.
The main effects of interest in this study were the differences between T and UT 5s in response to induced stress and to different motivating instructions.
The main analyses were four-way analyses of variance of difference scores, in which the factors were E, susceptibility, instructions, and order. These analyses included only the hypnosis and exhortation instruction groups, since the control 5s received only Order I from E-i. In both analyses, there were no significant E, susceptibility, or instruction effects, when treated independently (Tables 4 and 5 ). On the 30/10 data, however, Order II 5s improved significantly more than Order I 5s from Hot Box I to Hot Box II as expected Note.-30/10 = task In which apparatus was turned on for 30 sec., then off for 10 sec. for eight blocks of five trials each.
• df = 1/16. * p < .05. **p <.02S. • df -1/16. *i> <.OS.
(since the room-temperature session came between them). This improvement was not apparent, however, on the 30/30 data, where individual variability was much greater.
2
Only two interactions were significant in these analyses: (a) On the 30/30 data, E, instructions, and order interacted significantly (p < .05). The interaction appears unrelated to any of the hypotheses of interest here and will not be discussed further, (b) On the 30/ 10 data, however, instructions and susceptibility interacted significantly (p<.QS). Ts responded with relatively greater improvements to exhortation than to hypnosis, while UTs responded slightly more to hypnosis than to exhortation. The differences between individual cell means, however, were not significant.
Experimental versus Control Subjects
Since virtually everybody in the hypnosis and exhortation groups improved from the 2 Analysis of absolute scores did reveal some significant E differences, however, and one interaction of E and order. These materials have been deposited with the National Auxiliary Publications Service. Order NAPS Document 00077 from SIS Auxiliary Publications Service, c/o CCM Information Sciences, Inc., 22 West 34th Street, New York, New York 10001. Remit in advance $3.00 for photocopies or $1.00 for microfiche. Copies of the material may also be obtained on request from the senior author.
first to the second stress session, it was necessary to examine the possibility that improvements were due to practice effects alone rather than to positively motivating instructions of any kind. For this reason, the difference scores of the exhorted and hypnotized 5s were compared to those of uninstructed controls in two-way analyses of variance. Since all control 5s received Order I only, only the Order I 5s from the exhorted and hypnotized groups were compared with them. Even though all the controls had been tested only by E\, the Order I hypnosis and exhortation 5s of both Es were used for these analyses. This was justified by the four-way analyses which showed no significant E differences. Order I difference score means of all groups are presented in Table 6 .
Both hypnosis and exhortation had significantly greater positive effects on the performance of both experimental groups than did the routine instructions given the control 5s, and these main effects applied both to the 30/10 (p< .01) and 30/30 data (p < .01). (See Table 7 .) Simple effects were assessed by post hoc comparisons (Hays, 1963, p. 483) . These comparisons demonstrated that only exhortation was significantly more effective than control instructions for 30/30 data (p < .05), that both hypnosis and exhortation were more effective for 30/10 data (p < .05), and that the relatively greater effect of exhortation over hypnosis was not significant.
Instructions did not differ significantly in their effects on the susceptibility groups in this analysis. Hypnosis and exhortation both Note.-30/10 = task in which apparatus waa"turned on for 30 sec., then off for T 10 sec. for eight blocks of five trials each. 30/30 -apparatus on and operating continuously for 5 min. UT -low susceptibility to hypnosis; T -high susceptibility.
had an insignificantly greater effect on the performances of Ts than of UTs. UTs who were hypnotized tended to perform better than UT controls and poorer than exhorted UTs, but neither of these differences was significant.
To summarize, positively motivating instructions tended to be effective for both kinds of task performance and on both T and UT groups. Exhortation tended to have slightly more effect overall than did hypnosis, and both special instructions tended to have more effect upon Ts than upon UTs.
DISCUSSION
The major findings of this study are that hypnosis and exhortation are both positively motivating conditions which facilitate performance on a continuous task under stressful conditions, just as they have been shown to do on discrete tasks where stress was not imposed. As in previous studies, moreover, UT 5s tended to out perform the Ts (though not as dependably on pursuit rotor as has been true with other tasks). Even so, the results are not consistent in all respects with those of previous studies, did not conform in some ways to the present authors' expectations, and are not completely unequivocal.
Several studies (London & Fuhrer, 1961; Rosenhan & London, 1963; Slotnick & London, 196S) found that hypnosis tended to be a positive motivating condition as such only for Ts. The results of this study indicate that UTs tended to perform better when hypnotized than when given no special instructions. Congruous with earlier studies is the finding that both Ts and UTs tended to perform best under exhortation, but the performance of Ts was affected most, which has not been observed before.
Since neither stress nor continuous performance tasks have been involved in the previous studies cited, none of the differences observed here can be taken as contradictions of previous results. By the same token, the discrepancies between the 30/10 and 30/30 data, though not easily explained, are also not contradictory and should be regarded as offering two quite different operational perspectives on the nature of continuous performance. Similarly, the discrepancies in the results of the four-way and two-way analyses of variance are probably accounted for by the fact that only Order I data are used in the latter. What is clear, in any case, is that the evidence of this study points strongly to the conclusion that continuous performance tasks as such produce the same patterns of relative effects on different susceptibility groups as do discrete performance tasks, contrary to expectations derived from Mierke as cited by McClelland (19S7) . No apparent differences between the two susceptibility groups in the shapes of the trial-block performance curves were evident in the first two test sessions, and the differences in the third were more like those of previous experiments than not. It is possible that the grouping of trial scores into five-trial block units to facilitate analysis may have tended to obscure performance curve differences if they existed. In this respect, reanalysis of the nongrouped trial scores by a method which would enable a meaningful analysis of such a large volume of fairly continuous data would be fruitful. It is emphasized, however, that the methods of analysis employed here only treated more discretely data which were already discrete, and provided a considerable number of measurements for the performance of each 5. Similarly, an investigation which employed longer periods of continuous operation than the S min. used in the present study, and perhaps considered these measures apart from 30 sec. on/10 sec. off and similar performance/rest cycles, might provide more information about the relationship between hypnotic susceptibility and the shape of the performance curve.
Stress, on the other hand, may very well produce differences in the performance patterns of T and UT 5s. Although the UTs in the present sample tended to do slightly better than Ts in general, there was a significant difference in the relative effects of heat such that the UT group tended to show the expected decrement in performance while the T group's performance was actually facilitated under this condition (Figure 3) . What is surprising about the latter fact is that performance decrements from heat stress normally occur in everybody at much lower temperatures than those used in this study (Bedford, 1953; Carpenter, 1950; Mackworth, 1946; Pepler, 1958; Vitiles, 1946; Weiner & Hutchinson, 1945) .
Before beginning this investigation, the authors were assured that the effective temperature of 98° F used in the heat-stress condition was at the limits of human physiological tolerance for extended periods, and considerable concern was expressed that performance effects would be masked by physiological considerations. Sargent's (1964) review of tropical neurasthenia supported the view that the exposure of 5s to ambient effective temperatures in excess of about 85° F results in decrements in performance. In addition, an experiment by Teichner and Wehrkamp (1954) indicated that detrimental changes in pursuit rotor performance occurred with as little as a 10° increase over normal room temperature in Fahrenheit temperature alone.
Soon after the present experiment was in progress, however, it became apparent to all concerned that the heat condition was not producing a drastic amount of stress. The observations and personal experiences of the Es and the body-temperature monitoring and subjective reports of the Ss concurred in this. Unfortunately, facilities were not readily available to produce any further increase in effective temperature.
Since 5s were not told that they would be permitted to leave the experimental chamber if they appeared to be in physical danger, it is conceivable that their expectations in this regard may have influenced performance differently than in previous studies. The great deal of extraneous apparatus present in the lab and the imposing appearance of the chamber itself could have influenced results as well. It is quite possible that Ts and UTs respond differently to these two factors. In addition, it must be noted that the sample of 5s used in this study was unusually highly motivated from the very beginning. The very fact that they were solicited to perform in a study in which they might contribute to the United States Astronaut program was a powerful incentive to perform well, and this high motivation may have been more effective with Ts than with UTs, just as exhortation was more effective with them for the first time in any of the experiments that used it. At all events, it seems more likely that the different stressed reactions of the two groups can be explained in terms of motivational rather than other differences, and future research on susceptibility differences should be concerned with the eliciting effects of very high levels of initial motivation.
